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264Objective: The study objective was to introduce senior surgeons, referred to as members of the ‘‘Senior Tour,’’
to simulation-based learning and evaluate ongoing simulation efforts in cardiothoracic surgery.
Methods: Thirteen senior cardiothoracic surgeons participated in a 2½-day Senior Tour Meeting. Of 12 simu-
lators, each participant focused on 6 cardiac (small vessel anastomosis, aortic cannulation, cardiopulmonary by-
pass, aortic valve replacement, mitral valve repair, and aortic root replacement) or 6 thoracic surgical simulators
(hilar dissection, esophageal anastomosis, rigid bronchoscopy, video-assisted thoracoscopic surgery lobectomy,
tracheal resection, and sleeve resection). The participants provided critical feedback regarding the realism and
utility of the simulators, which served as the basis for a composite assessment of the simulators.
Results: All participants acknowledged that simulation may not provide a wholly immersive experience. For
small vessel anastomosis, the portable chest model is less realistic compared with the porcine model, but is valu-
able in teaching anastomosis mechanics. The aortic cannulation model allows multiple cannulations and can
serve as a thoracic aortic surgery model. The cardiopulmonary bypass simulator provides crisis management
experience. The porcine aortic valve replacement, mitral valve annuloplasty, and aortic root models are realistic
and permit standardized training. The hilar dissection model is subject to variability of porcine anatomy and fra-
gility of the vascular structures. The realistic esophageal anastomosis simulator presents various approaches to
esophageal anastomosis. The exercise associated with the rigid bronchoscopy model is brief, and adding addi-
tional procedures should be considered. The tracheal resection, sleeve resection, and video-assisted thoraco-
scopic surgery lobectomy models are highly realistic and simulate advanced maneuvers.
Conclusions: By providing the necessary tools, such as task trainers and assessment instruments, the Senior
Tour may be one means to enhance simulation-based learning in cardiothoracic surgery. The Senior Tour mem-
bers can provide regular programmatic evaluation and critical analyses to ensure that proposed simulators are of
educational value. (J Thorac Cardiovasc Surg 2012;143:264-72)Supplemental material is available online.anford University and VA Palo Alto Health Care System,a Palo Alto, Calif;
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The Journal of Thoracic and Cardiovascular SurgPatient safety concerns, changes in resident education, and
more complex procedures in high-risk patients have gener-
ated greater interest in simulation-based learning in cardio-
thoracic surgical training.1-12 Surgical simulation permits
the resident to interact in a less stressful environment and
may provide structured graduated training of technical
skills and crisis management. Furthermore, educators
recognize this modality as one method by which
proficiency may be assessed.13-17 As a means to stimulate
and evaluate simulation in cardiothoracic surgery and
under the auspices of the Thoracic Surgery Directors
Association and the Joint Council on Thoracic Surgery
Education, national efforts have included the ‘‘Boot
Camp,’’ a 3-day training session for first-year cardiotho-
racic surgery residents, and recently the ‘‘Senior Tour,’’
composed of senior cardiothoracic surgical educators.3,5,12
On the basis of novel simulators and focused practice, the
emphasis at the Boot Camp has been on 5 components of
training, including (1) cardiopulmonary bypass and
cannulation, (2) coronary anastomosis, (3) pulmonary
resection, (4) bronchoscopy and mediastinoscopy, and (5)
aortic valve surgery. Concurrent with these efforts hasery c February 2012
Abbreviations and Acronyms
VATS ¼ video-assisted thoracoscopic surgery
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at many academic centers.2,3,6-9,11,18
Despite the progress to date, educational and logistic con-
cerns of cardiothoracic surgery simulation training remain.
Identified barriers to adoption include but are not limited to
faculty time and commitment, facility cost, cost of equip-
ment and supplies, need for support personnel, trainee’s
time away from clinical activity, identification of represen-
tative simulators, definition of comprehensive curriculum
and assessment, and, perhaps the most challenging, organi-
zational ‘‘buy-in.’’ To increase the group of expert educa-
tors in training residents and to potentially disseminate
novel training methods to residency programs were the ba-
ses of the Senior Tour. The intent of the initial Senior Tour
session is to introduce the members to simulation-based
learning and to provide them with an opportunity to train
residents using these modalities. Also, in the development
of new educational techniques, it is critically important to
regularly evaluate proposed projects. The Senior Tour
members may provide valuable feedback regarding the util-
ity and impact of these simulators, address barriers and con-
straints to adoption, and explore possible solutions. This
much needed evaluation of simulation-based learning in
cardiothoracic surgery serves as the basis of this report.MATERIALS AND METHODS
Thirteen senior cardiothoracic surgeons participated in a 2½-day Senior
Tour Meeting at the Cardiothoracic Surgery Simulation Center at the Uni-
versity of North CarolinaMedical School, Chapel Hill. At the meeting, lec-
tures included essential concepts of simulation and performance
assessment, description of simulators, proposed cost, various constraints
to the adoption of simulation, and the concept of deliberate practice. Ex-
perts from the military, aviation, and electronic game industry discussed
training and development of simulation-based learning in their respective
fields. The simulation center comprises a class room, 12 simulation rooms
with audio-visual recording capability, and a simulator preparation room.
Two rooms were used for each simulation exercise. Each room was equip-
ped with 1 surgical simulator (see below), lighting, surgical instruments,
and sutures. Surgical gowns and gloves were provided, and loupe magnifi-
cation, if necessary, was used by the participants. Approval was obtained
from the institutional review board at the University of North Carolina to
review and analyze the information from this educational activity.
Protocol and Simulators
The Senior Tour members were divided into 2 groups: one focused on
cardiac and one focused on thoracic surgery. On day 1, each member
was allotted 1.5 hours to become familiar with 3 simulators that the mem-
ber later used to train 3 general surgery residents individually with forma-
tive feedback during hands-on, practical sessions each lasting 40 minutes
(Table 1). A total of 9 general surgery residents participated. On day 2,
each was allotted 1.5 hours to become familiar with 3 more advanced sim-
ulators, which he used to train 3 cardiothoracic surgery residents individu-The Journal of Thoracic and Caally with formative feedback in 40-minute sessions. A total of 7
cardiothoracic surgery residents participated. On day 3, the Senior Tour
members met as a group to provide critical feedback regarding the realism
and utility of each simulator, identify methods to improve the training ex-
ercises, address constraints to simulation-based learning, and define the
process of starting simulation programs. Along with simulator develop-
ment, rating scales for performance assessment based on the Objective
Structured Assessment of Technical Skills were developed for 9 simulators;
the intent of the rating scales was to provide a framework for performance
assessment (Appendix E1).15 The following is a list of simulators devel-
oped by the program participants and others that were used at the Senior
Tour meeting.2,3,5,6,8,9,18
1. Small vessel anastomosis:Mounted in the portable chest model (Heart-
Case, ChamberlainGroup,Great Barrington,Mass) are 3- to 4-mmsyn-
thetic target vessels; to simulate vein graft for the anastomosis, 3- to
4-mm synthetic vessels are used (Figure 1, A). The anastomoses are
performed using 5-0 polypropylene sutures. For the tissue-based or
‘‘wet-lab’’ component, porcine hearts are prepared and positioned to
expose the left anterior descending artery in a container (WetLab,
LTD, Kenilworth, Warwicks, England) as previously described.3 Ex-
pired cryopreserved saphenous veins (Cryolife, Inc, Kennesaw, Ga)
and synthetic tissue grafts (LifeLike BioTissue, Toronto, Ontario) are
used as grafts for the anastomosis using 6-0 polypropylene sutures.
2. Aortic cannulation: A porcine descending thoracic aorta is prepared by
oversewing the intercostal vessels and securing it in a plastic thoracic
model. The aorta is cannulated and connected via intravenous tubing to
a pressurized bag of saline (Figure 1, B). The pressurized ascending
aorta allows placement of 3-0 polyester pursestring sutures followed
by placement of aortic cannula; because of the long length of the aorta
of the model, multiple cannulations using a variety of cannulae are per-
formed.
3. Cardiopulmonary bypass: The perfusion simulator is an interactive
simulator used in the training of perfusionists and surgeons and has
been described (Figure 1, C).5 The plastic container with a porcine
heart model and inflow and outflow lines are part of the simulator.
The system simulates multiple physiologic and pharmacologic condi-
tions and permits the trainee to manage the steps preceding and during
cardiopulmonary bypass, including requirements for instituting and
weaning from cardiopulmonary bypass and crisis management.
4. Hilar dissection: A porcine heart–lung block placed within the chest
cavity of a mannequin simulates the necessary maneuvers of hilar dis-
section through a thoracotomy incision (Figure 2,A). Either the right or
left lung is used. This exercise replicates the confined thoracic space in
which pulmonary resections are performed and provides a method to
practice hilar dissection skills. The objectives are to identify anatomic
landmarks noting anatomic variants, dissect and encircle the hilar ves-
sels and bronchus, and ligate and divide vascular structures.
5. Esophageal anastomosis: A porcine heart–lung–esophagus block sim-
ulates the thoracotomy incision providing access to the posterior me-
diastinum (Figure 2, B). The esophagus, positioned and secured in
the posterior cavity, is isolated and transected. The 2 free ends are re-
approximated in 1 or 2 layers. This model permits the alignment and
approximation of the esophageal ends, the proper placement of sutures
within the esophageal wall, and the sutures to be secured after place-
ment. This model also permits the use of stapling devices.
6. Rigid bronchoscopy: With the use of conventional bronchoscopic
equipment, the Trucorp AirSim simulator (Belfast, North Ireland) is
a model of the oral pharynx, the larynx, and the tracheobronchial
tree out to the segmental anatomy (Figure 2,C). The model also allows
simulation of awake bronchoscopy, bronchial stent placement, and re-
moval of foreign body.
7. Aortic valve replacement: For the tissue-based aortic valve replace-
ment simulation, explanted porcine hearts are placed in the container
(WetLab, LTD) and situated to present the ascending aorta and aorticrdiovascular Surgery c Volume 143, Number 2 265
TABLE 1. Senior Tour program schedule
Day 1:
Lectures:
Essentials of simulator-based education
Deliberate practice in cardiothoracic surgery training
Simulation training in the military
Overview of and hands-on training using basic skills simulators:
Cardiac:
Small vessel anastomosis
Aortic cannulation
Cardiopulmonary bypass
Thoracic:
Hilar dissection
Esophageal anastomosis
Rigid bronchoscopy
Day 2:
Lectures:
Introducing simulator-based training into training programs
Cost of cardiothoracic surgery simulation
Facility needs
Importance of briefing and debriefing
Simulation in the game industry
Overview of and hands-on training using more advanced simulators:
Cardiac:
Aortic valve replacement
Mitral valve repair
Aortic root replacement
Thoracic:
Videoscopically-assisted (VATS) lobectomy
Tracheal resection
Sleeve resection
Day 3:
Program review:
Evaluation of simulators
Discussion of logistic and adoption issues
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leaflets and the muscle bar under the right coronary cusp. Interrupted
polyester sutures are placed followed by the placement and seating of
the valve prosthesis (St Jude Medical, St Paul, Minn).
8. Mitral valve repair: The syntheticmitral valvemodel is a silicone-based
cylinder placed in a portable chest model (HeartCase, Chamberlain
Group) (Figure 3, B). The model is pliable, which permits some degree
of traction during suture placement. For the tissue-based simulator,
explanted porcine hearts are placed in the container (WetLab, LTD)
and situated to present the left atrium and mitral annular plane. The
left atrium is opened, and stay sutures are placed to expose the mitral
valve and annulus in an ‘‘anatomically correct’’ configuration
(Figure 3, B). Interrupted polyester annular sutures are placed, and an
annuloplasty ring (Sorin Group, Arvada, Colo) is situated and secured.
9. Aortic root replacement: For the tissue-based aortic root replacement
simulator, explanted porcine hearts are placed in the container (Wet-
Lab, LTD) and situated to present the ascending aorta and aortic
root. The porcine aorta and root are resected after creation of the cor-
onary ostial buttons. An aortic homograft (Cryolife, Inc) is prepared
and anastomosed as a root replacement using polypropylene sutures
for coronary button reimplantation (Figure 3, C).
10. Video-assisted thoracoscopic surgery (VATS) lobectomy: A left por-
cine heart–lung block placed within the chest cavity of a mannequin266 The Journal of Thoracic and Cardiovascular Surgis accessed via fixed working ports to allow video-assisted resection
(Figure 4, A). The exercise replicates the confined thoracic space in
which pulmonary resections are performed and provided a model to
practice hilar dissection and resection skills. This simulator allows
for identifying anatomic landmarks, maneuvering the thoracoscope
and pulmonary structures, dissecting and encircling hilar vessels and
bronchus, and dividing the structures using the endoscopic staplers.
This model does not permit different port placement.
11. Tracheal resection: A porcine tracheal-esophageal segment placed
within the open neck of a mannequin simulates tracheal resection
and anastomosis (Figure 4, B). This exercise reproduces the confined
space in which tracheal resections are performed and provides a model
to practice such resection and anastomosis.
12. Sleeve resection: A porcine heart–lung block placed within the chest
cavity of a mannequin simulates the necessary maneuvers of sleeve re-
section via a thoracotomy (Figure 4, C). This exercise replicates the
confined thoracic space in which sleeve resections are performed.Resident and Faculty Evaluation
After completion of the protocol, the resident and Senior Tour partici-
pants were asked to complete an evaluation of 5 simulators (aortic valve
replacement, mitral annuloplasty, hilar dissection, esophageal anastomosis,
and VATS lobectomy). The questionnaire (based on a 3-point scale) was
focused on the participants’ opinions regarding the realism of the simula-
tor, whether it stressed important components, and the value of the simula-
tor in training technical skills. The data are reported as mean  standard
deviation. Findings from the questionnaires were combined with the Senior
Tour members’ discussions and evaluations on day 3 to form a composite
assessment of all simulators.RESULTS
General Evaluation
All participants acknowledged that the simulation envi-
ronment may not provide a wholly immersive experience,
particularly when using task trainers with limited space,
equipment, and personnel. To improve the educational ses-
sion, adequate time must be allotted for orienting residents,
defining objectives and expectations, providing formative
feedback, and briefing and debriefing. On the basis of the
educators’ experience, it is important to spend time with
the residents to understand their knowledge base and what
skills they bring to the simulation experience. In addition,
it may be valuable for residents to have video-based instruc-
tion by experts using each simulator for orientation and on-
going practice and to define objectives for technical skills
development. The following are evaluation summaries of
the simulators.
1. Small vessel anastomosis: The portable thoracic chest
model with synthetic grafts and target vessel offers
some degree of realism, but its importance is in teach-
ing the mechanics of anastomosis; however, the syn-
thetic material is less realistic in terms of tissue
handling. The porcine heart with saphenous vein anas-
tomosis provides a high degree of realism.
2. Aortic cannulation: The porcine aortic model has
a moderate degree of realism. The tissue-handling
properties are realistic, and multiple cannulations canery c February 2012
FIGURE 2. A, Hilar dissection: A porcine heart–lung block placed within the chest cavity of a mannequin simulates the necessary maneuvers of hilar
dissection through a thoracotomy incision. B, Esophageal anastomosis: A porcine heart–lung–esophagus block simulates the thoracotomy incision provid-
ing access to the posterior mediastinum. The esophagus is isolated, transected, and reapproximated in 1 or 2 layers. C, Rigid bronchoscopy: By using con-
ventional bronchoscopic equipment, the Trucorp AirSim model (Belfast, North Ireland) simulates the tracheobronchial tree. L, Lung; H, hilum;
E, esophagus; TE, tracheoesophageal segment.
FIGURE 1. A, Small vessel anastomosis: Mounted in the portable chest model are synthetic target vessels; to simulate vein graft for the anasto-
mosis, synthetic vessels are used. For the tissue-based or ‘‘wet-laboratory’’ component, porcine hearts are prepared and positioned to expose the left
anterior descending artery in a container. B, Aortic cannulation: A porcine descending thoracic aorta is secured in a plastic thoracic model. The
pressurized ascending aorta allows placement of purse-string sutures followed by placement of aortic cannula; because of the length of aorta, mul-
tiple cannulations are performed. C, Cardiopulmonary bypass: The plastic container with a porcine heart model and inflow and outflow lines are part
of the simulator. The system simulates multiple physiologic conditions during cardiopulmonary bypass. A, Aortic cannula; V, atrial cannula; P,
cardioplegia line.
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FIGURE 3. A, Aortic valve replacement: For the tissue-based aortic valve
replacement simulator, porcine hearts are placed in the container and situ-
ated to present the ascending aorta and aortic root. The aortotomy is made
Cardiothoracic Surgical Education and Training Fann et al
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a thoracic aortic surgery anastomosis model.
3. Cardiopulmonary bypass: The simulator provides a re-
alistic experience; however, given the complexity of
this simulator, more time is needed to optimize the cri-
sis management experience.
4. Hilar dissection: This tissue-based model has a moder-
ate degree of realism recognizing the variability of por-
cine anatomy relative to human anatomy and the
fragility of the vascular structures. Although the intent
of this exercise is to isolate the vessels and bronchus,
this exercise can be extended to vessel ligation and lo-
bectomy. The time required for this exercise is greater
than the time allotted.
5. Esophageal anastomosis: This tissue-based porcine
simulator is highly realistic in presenting various ap-
proaches to esophageal anastomosis, particularly in re-
gard to 1- and 2-layer anastomotic techniques. Placed
within a thoracic mannequin, this model can be ex-
tended to include the stomach to simulate esophagogas-
tric anastomosis. Also, providing and resolving tension
can be introduced, and creating longitudinal incision
(with longer mucosal than muscular incision) would
simulate esophageal rupture, requiring the trainee to
perform appropriate repair.
6. Rigid bronchoscopy: This plastic simulator is highly
realistic, but this exercise is brief, and adding additional
levels of complexity, such as foreign body removal and
airway stenting, should be considered.
7. Aortic valve replacement: This tissue-based model is
often used in ‘‘wet-laboratory’’ settings and is highly
realistic but does require more time than allotted.
This model lends itself to standardized training, as it
is currently used in many centers.
8. Mitral valve annuloplasty: The synthetic model pro-
vides a method to learn basic components of mitral
valve surgery, such as exposure techniques and needle
angles, but it is limited in its fidelity. The porcine model
is realistic but posed some challenges with anterior-
posterior orientation in the set-up. Also, it provides
an idealized exposure, which is not always appreciated
in the clinical setting, but it should be possible to in-
crease the degree of difficulty by altering the exposure,followed by excision of the leaflets and implantation of the aortic valve. B,
Mitral valve repair: The synthetic mitral valvemodel is placed in a portable
chest model. For the tissue-based simulator, porcine hearts are placed in the
container and situated to present the mitral valve. The left atrium is re-
tracted to expose the mitral valve and annuloplasty performed. C, Aortic
root replacement: For the tissue-based aortic root replacement simulator,
porcine hearts are placed in the container. The porcine aorta and root are
resected after creation of the coronary ostial buttons. An aortic homograft
is anastomosed as a root replacement. LA,Left atrial wall;AL, anterior leaf-
let; PL, posterior leaflet.
:
ery c February 2012
FIGURE 4. A, VATS lobectomy: A left porcine heart–lung block placed within the chest cavity of a mannequin is accessed via working ports to allow for
video-assisted resection. B, Tracheal resection: A porcine tracheal-esophageal segment placed within the open neck of a mannequin simulates tracheal re-
section and anastomosis. C, Sleeve resection: A porcine heart–lung block placed within the chest cavity of a mannequin (similar to the hilar dissection
model) simulates the necessary maneuvers of sleeve resection. T, Trachea; An, anastomosis.
Fann et al Cardiothoracic Surgical Education and Training
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are retracted in the porcine model; releasing the
papillary-chordal attachments permits some degree of
leaflet prolapse.
9. Aortic root replacement: This tissue-based model is
highly realistic with a high level of complexity. Al-
though the session was limited in time at this session,
the basic resection and implantation of coronary but-
tons can be accomplished. The complete procedure re-
quires a longer period of time to complete.
10. VATS lobectomy: This tissue-based model is highly re-
alistic and of moderate to high level of complexity. The
port sites can be optimized to enhance training. By rec-
ognizing interspecies differences, this model may be
more complex than a case in the clinical setting, but
it does provide simulation of many advanced maneu-
vers. This exercise requires more time than allotted in
this session.The Journal of Thoracic and Ca11. Tracheal resection: This tissue-based model has a rea-
sonable degree of realism. Given the shorter period of
time required for this exercise, additional procedures
(eg, tracheostomy and tracheal release maneuvers)
can be added.
12. Sleeve resection: This tissue-based model is highly re-
alistic and permits airway mobilization and compre-
hension of the principles of bronchial anastomosis.Resident and Senior Tour Participant Evaluation
In general, most believed that the simulators provided
a reasonably realistic experience and were valuable in
teaching technical skills. Although these simulators
stressed important concepts of a certain task, they do not
fully simulate the clinical operative experience. The re-
sponses of the written questionnaires of 5 simulators are
shown in Table 2. The findings and comments from therdiovascular Surgery c Volume 143, Number 2 269
TABLE 2. Evaluation of 5 simulators used at the Senior Tour
Hilar dissection
(n ¼ 10)
AVR
(n ¼ 10)
MV repair
(n ¼ 10)
Esophageal anastomosis
(n ¼ 7)
VATS lobectomy
(n ¼ 5)
The simulator was realistic 2.7  0.7 3 2.6  0.7 2.9  0.4 2.6  0.6
The simulator stressed important skills 2.7  0.7 3 3 3 2.8  0.5
Performing the skill using the simulator was as
real as in the operating room
2.4  0.7 2  0.9 2.4  0.7 2.6  0.5 2.2  0.5
The simulator is a good method of skills training 2.8  0.6 3 3 3 2.8  0.5
Score: 3 ¼ agree; 2 ¼ neutral; 1 ¼ disagree. Data are presented as mean  SD. AVR, Aortic valve replacement; MV, mitral valve; VATS, video-assisted thoracoscopic surgery.
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day 3 of the session formed the composite assessment
(Table 3). The rating scales for performance assessment
(Appendix E1) were considered generally useful; the an-
choring points (ie, what each number of the 5-point Likert
scale represents) were not sufficient, and additional refine-
ments will be necessary.DISCUSSION
Because simulated skills training has been proposed as an
approach to provide graduated training and enhance resi-
dent performance in cardiothoracic surgery,1-3,5,6,8-11,18
the Senior Tour may be one means to increase the number
of expert educators and potentially disseminate
simulation-based learning to cardiothoracic surgery pro-
grams. By providing the necessary tools, such as task
trainers and assessment instruments, Senior Tour members
can assist in initiating surgical simulation efforts and pro-
viding regular programmatic evaluation to ensure that pro-
posed simulators are of value. This critical analysis
conducted by the Senior Tour faculty noted that many sim-
ulators can be improved and the intended task and assess-
ment better defined.TABLE 3. Summary evaluation of simulators used at the Senior Tour
Time required
to set up
Time required
to complete
Complexit
of simulato
Small vessel anastomosis
Synthetic þ þ þ
Tissue-based þþ þ þ
Aortic cannulation þþ þ þ
Cardiopulmonary bypass þþ þþþ þþþ
Hilar dissection þþ þþ þþ
Esophageal anastomosis þþ þþ þþ
Rigid bronchoscopy þ þ þþ
Aortic valve replacement þþ þþ þ
Mitral valve repair
Synthetic þ þþ þ
Tissue-based þþ þþ þ
Aortic root replacement þþ þþþ þþ
VATS lobectomy þþ þþ þþ
Tracheal resection þþ þþ þþ
Sleeve resection þþ þþ þþ
þ, Less time, low level, or less agreement;þþ, moderate time, mid level, or moderate agree
scopic surgery.
270 The Journal of Thoracic and Cardiovascular SurgHaving appropriate model fidelity for trainees of differ-
ent abilities may optimize the effectiveness of simulation
training.19,20 The simulators assessed at the Senior Tour
are of varying fidelity; some are less realistic, such as
the synthetic anastomosis task stations, and others are
highly realistic, such as the esophageal anastomosis and
aortic valve replacement. Nonetheless, the realism of a
simulator must be placed in the context of the intent of
the simulation exercise. Studies on model fidelity and
educational effectiveness have shown that a low-fidelity
bench model conferred the same degree of benefit as train-
ing on a high-fidelity model in certain procedures.19,21
Because skills acquired on low-fidelity bench models trans-
fer to improved performance on higher-fidelity models,
some have suggested that such simulation may improve per-
formance in the operating room.13,16,22-24 In general, tissue-
based simulators are more realistic, especially when the
objectives are defined, such as identifying anatomic land-
marks, learning to suture in deep cavities, and ligating vas-
cular structures. Although the porcine model does provide
good tactile feedback, it still may not be representative of
the human lung or heart. For instance, the anatomic land-
marks of the porcine heart model are realistic, whereasy
r
Degree of
perceived realism
Stressed important
technical skills
Compared with
operative experience
þ þþþ þ
þþþ þþþ þþ
þþ þþ þþ
þþþ þþþ þþþ
þþþ þþþ þþ
þþþ þþþ þþ
þþ þþþ þþ
þþþ þþþ þþ
þ þþ þ
þþ þþþ þþ
þþþ þþþ þþþ
þþ þþþ þþ
þþ þþ þþ
þþ þþ þþ
ment;þþþ, longer time, high level, or more agreement; VATS, video-assisted thoraco-
ery c February 2012
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differences that need to be resolved. From a practical per-
spective, for surgical educators intending to incorporate
laboratory-based surgical skills training into the curricu-
lum, a reasonable strategy would be to begin by having nov-
ice trainees learn on a low-fidelity bench model that
captures the key constructs of the surgical task; once profi-
cient, the trainee can then progress in a graduated manner to
practice on models of higher fidelity.3,19 Thus, one can use
both low- and high-fidelity task stations, which emphasize
the technical components of procedure and provide greater
realism as the trainee advances. Whether improved perfor-
mance in the simulation laboratory is transferable to the op-
erating room is not easily addressed; further evaluation is
necessary, recognizing that operating room performance
depends not only on technical skill but also on cognitive
integration, judgment, and interactions among team
members.3
Important, unresolved issues include achieving faculty
and institutional buy-in of surgical simulation. Clearly,
without a commitment from the leadership, this educational
endeavor will not be implemented. For simulation-based
learning to be successful and widely adopted, compensation
for participating faculty and faculty development at local
academic centers need to be better defined. Junior faculty
engaged in resident education and simulation development
should be acknowledged in the promotion process, and ac-
tivities related to education need to be perceived as repre-
senting real value in one’s academic career.3 The cost of
simulation-based learning, both in equipment and faculty
time, must be recognized at the institutional and national
levels so that initial and ongoing funds are available. In re-
gard to the logistics of establishing a simulation center, car-
diothoracic surgery training programs should consider
partnering with the existing general surgical simulation lab-
oratory at the local institution. Collaborative efforts with
other disciplines, such as anesthesiology and vascular sur-
gery, can result in an enhanced educational endeavor.
Courses that teach and assess a surgical skill are vitally
important in identifying those trainees requiring remedia-
tion. On the basis of other domains of expertise and expert
performance, teaching or ‘‘coaching’’ in the simulation lab-
oratory by a skilled surgical educator is a critical element of
deliberate practice, so that formative feedback and defining
areas of weakness requiring further practice or remediation
can be carried out.14,25 Furthermore, for the resident to
improve his/her technical skills, defined practice periods
in a simulation laboratory and at home are critically
necessary. On the basis of the learning principle of
massed practice (or practice with no rest) versus
distributed practice (or practice interspersed with rest) in
many domains, distributed practice leads to better skill
acquisition and retention.2,26,27 Thus, an important
component of simulation-based training is to provideThe Journal of Thoracic and Catraining in the principles and methods of surgical education
along with the use of simulators. Avaluable program estab-
lished last year by the Joint Council on Thoracic Surgery
Education is the Educate the Educator course, modeled
after the Surgeons as Educators course organized by
the American College of Surgeons.28,29 Along with the
Educate the Educator course, the Senior Tour members
can provide an important means to enhance educational
training to the faculty in the cardiothoracic surgery
residency programs.
Depending on the extent of previous training and surgical
experience, which may vary greatly in current training pro-
grams, residents at the same training level may be at differ-
ent proficiency levels, and simulation-based learning is one
means to assess proficiency. A fundamental assessment tool
is the Objective Structured Assessment of Technical Skills,
which includes a task-specific checklist and a global rating
scale.14-17,26 Reliable assessment tools of technical and
nontechnical skills are paramount if simulation is to be
universally adopted and applied to proficiency-based ad-
vancement. Proposed rating scales for performance assess-
ment created for the simulators used at the Senior Tour
(Appendix E1) provide a framework and will require further
modifications, including comprehensive anchoring, as the
simulation efforts progress. To date, performance assess-
ment in cardiothoracic surgery simulation has been reported
for coronary anastomosis, cardiopulmonary bypass, mitral
valve surgery, and pulmonary surgery.2,3,5,8,9 In addition,
one proposal is to define tasks to be mastered, such as
coronary anastomosis and airway management, that are
considered essential for advancement in a training
program. Such tasks, which may be performed and
assessed using simulators, can form the basis of the
development of Fundamentals of Cardiothoracic Surgery,
an analogue of the Fundamentals of Laparoscopic Surgery
course used in general surgery training. However, before
one can carry out a potential mandate of requiring
simulation-based learning at all institutions, there have to
be well-defined simulators that are considered reasonably
valid with reliable assessment.
CONCLUSIONS
The Senior Tour may be one means to enhance
simulation-based learning in cardiothoracic surgery. The
critical analysis by the Senior Tour members can improve
simulator development and assist in better defining the in-
tended task to be trained. Current simulators in cardiotho-
racic surgery vary in fidelity; although tissue-based
simulators provide good tactile feedback, they still may
not be fully representative of the human lung or heart.
One important focus to improve simulation efforts has
been to establish a structured technical skills curriculum.
Proposed rating scales for performance assessment created
for simulators used at the Senior Tour will need tordiovascular Surgery c Volume 143, Number 2 271
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Ube evaluated for reliability and modifications, such as com-
prehensive anchoring points, made as the simulation efforts
progress.
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